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Abstract 
The samples of 14 honeys, retained from Estonian beekeepers, were analyzed for parameters such as pH, moisture 
content, free acidity, electrical conductivity, diastase activity, hydroxymethylfurfural (HMF) content and mineral 
content, including sodium (Na), potassium (K), magnesium (Mg) and calcium (Ca). Fructose, glucose and 
disaccharide content were also identified and fructose/glucose ratio was calculated. In addition melissopalynological 
analyses were carried out for characterization of honeys. The mean values of analyzed honeys were: pH 3.8; moisture 
17.3%; free acidity 20.4 mmol/kg; electrical conductivity 0.2 mS/cm; diastase activity 23.1 DN and HMF was below 
3.8 mg/kg. Within the mineral content, potassium was quantitatively the most important mineral in the range of 
125.79 to 1381.53 mg/kg followed by calcium of 20.37-63.65 mg/kg, magnesium 5.53-25.49 mg/kg and sodium 4.77-
19.44 mg/kg. The predominant sugar in honey samples was fructose having the mean value of 35.91 g/100g followed 
by glucose 35.00 g/100g. The disaccharide average content was 6.00 g/100g. The melissopalynological analyzes 
showed that the most dominant pollens in honey samples were cruciferous (Cruciferae)-mainly rape (Brassica 
napus); rosacean (Rosaceae)-mainly raspberry (Rubus idaeus); white clover (Trifolium repens); sweet clover 
(Melilotus officinalis) and willow (Salix). The results of honey pollen profile analysis and calculated fructose/glucose 
ratios (0.89-1.17) both indicated to flower honeys. All of the analyzed honeys were found to meet European 
Legislation (EC Directive 2001/110) for all parameters. 
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1.Introduction 
Honey is a natural sweet substance produced by honey bees from the nectar of plants (blossom honey), 
secretions of living parts of plants, or excretions of plant-sucking insects (honeydew honey). Bees collect 
honey, transform it by combining it with their specific substances, deposit, dehydrate, store, and leave in 
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the honey comb to ripen and mature. Honey consists essentially of various sugars, predominantly D-
fructose and D-glucose, as well as other compounds and substances such as organic acids, enzymes, 
minerals and solid particles collected by bees [1].  
The properties and composition of honey are known to vary widely depending on the region, season, 
variety of bee, plant source of nectar, period for which it is stored in the honeycomb, mode of harvesting 
and postharvest storage [2]. Considering the number of possible floral sources, it is understandable that no 
honey is completely the same as another [3]. 
Honey physicochemical quality criteria are well specified by the European Legislation. The major 
criterias for honey concern sugar content, moisture content, electrical conductivity, free acidity, ash 
content, diastase activity and hydroxymethylfurfural (HMF) content [4]. 
Honey quality, flavour and colour can also be determined by the floral origin of honey, and there are 
various methods for characterizing it. The standard procedure for assessing honey floral origin is 
melissopalynology, which consists of microscopical analysis of the pollen present in the honey after 
filtration or centrifugation [5].  
Several studies have been made for characterizing honeys in different countries [6; 7; 8; 9; 10].  Thus 
the purpose of the present was to characterize honeys from different regions in Estonia by 
physicochemical and melissopalynological analysis and by mineral content. 
2. Materials and Methods 
2.1. Honey samples 
Honey samples that were harvested in July 2010, were obtained directly from Estonian beekeepers. 
These honeys were stored in a controlled temperature (18±2ºC) in airtight glass containers until further 
analysis.   
2.2. Melissopalynological analysis 
The melissopalynological analysis was carried out according to the method described by D’ Albore 
[11]. 
10 g of honey was dissolved in 20 ml of hot distilled water, not above 40ºC. The solution was 
centrifuged for 10 min at 3000 rpm and drawn off the supernatant liquid. The sediment was dispersed 
again with 10ml of distilled water and centrifuged. The sediment was put on a slide and spread out. After 
drying, the sediment was covered with a liquefied Kaiser’ s glycerine gelatine and the cover glass. In 
about 24 h at 30ºC the sample was ready for microscopical examination. 500-600 pollen grains were 
counted and binocular light-microscope with 40x15 magnification was used. 
2.3. Physicochemical parameters 
Physicochemical properties, such as moisture content, pH, free acidity, electrical conductivity, diastase 
activity and HMF were determined by using method EVS 738:1997 [12]. 
Glucose, fructose and apparent sucrose content were identified by using High Pressure Liquid 
Chromatograph (HPLC), that consisted of Alliance Separations Module (Waters), Aminex HPX-87H 
300x7.8mm column, Cation-H precolumn and Refractive Index Detector (Waters). 0.4g of honey sample 
was dissolved in a few milliliters of milli-Q water and transferred to a 50 ml volumetric flask. Milli-Q 
water was added to the mark and the solution was well mixed. The sample was filtered through a 0.2μm 
Millipore filter and additional 10x dilution was made with HPLC eluent.  
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2.4. Determination of mineral elements 
Mineral content analysis was carried out using an ion-cromatograph that consisted of Conductivity 
Detector (Waters), Isocratic HPLC pump (Waters) and IC-Pac  3.9x150mm Cation Column. 5g of honey 
sample was dissolved in a few milliliters of milli-Q water and transferred to a 50 ml volumetric flask. 
Milli-Q water was added to the mark and the solution was well mixed. The sample was filtered through a 
0.2 μm Millipore filter. For data analysis the Breeze software was used. 
3.Results and Discussion 
3.1.Melissopalynological analysis 
The results of melissopalynological analysis are shown in percentages of counted pollen in Table 1. 
The main botanical origin were cruciferous (Cruciferae), rosacean (Rosaceae), white and sweet clover 
(Trifolium repens, Melilotus officinalis) and willow (Salix). The dominating species for rosacean and 
cruciferous origin were raspberry (Rubus idaeus L.) and rape (Brassica napus), respectively. Alder 
buckthorn (Frangula alnus) pollen had high values for two samples of investigated honeys. Pollen 
analysis of honeys made in Lithuania [13] showed similar spectrum of plant origin where the most 
dominating were rape (Brassica napus) and willow (Salix alba L.).  
3.2.Physicochemical parameters 
Table 2 shows  the means, standard deviations and ranges of different parameters of analyzed honeys. 
The physicochemical properties of all honey samples were found to meet European Legislation [4] for all 
parameters.  
All the honeys were acidic, as the average pH value was 3.8. Two of the analyzed honeys had a 
relatively higher pH value than the others (samples 2 and 9 had pH 5.12 and 4.52, respectively). This is 
due to the fact that they have also the highest concentrations of minerals (Table 3) [14] and are the only 
honeys that have traces of alder buckthorn (Frangula alnus) pollen (Table 1).  
The moisture content of honey depends on various factors, for example the harvesting season, the 
degree of maturity reached in the hive and climate factors [15]. The moisture content of all honey samples 
ranged from 16.1 to 18.9%, which were within the limit of 20% [4].  
Diastase activity and HMF are widely recognized as parameters for the evaluation of honey freshness 
and/or overheating [16]. The HMF of all analyzed honeys was below 3.8 mg/kg and the mean value of 
diastase was 23.1 DN. The given results indicated to a good level of quality as these values were under 
the upper limits of 40mg/kg for HMF and over 8 DN for diastase [4]. 
Electrical conductivity is a good criterion of the botanical origin of honey and blossom honeys and 
mixtures of blossom and honeydew honeys should have less than 0.8 mS/cm [9; 4]. All honey samples 
had electrical conductivity values ranged from 0.1 to 0.4 mS/cm which indicated to their floral origin 
and were below the imposed limit of 0.8mS/cm. The electrical conductivity value depends on the ash and 
acid content in honey: the higher their content, the higher the resulting conductivity [17]. The two honeys 
in Table 3, that had the highest amount of minerals, also showed the highest value of electrical 
conductivity.  
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Table 1. Pollen types of honey samples (in percentages) 
Sample Predominant 
pollen (>45%) 
Secondary pollen (16-
45%) 
Important minor pollen (3-
15%) 
Minor pollen (<3%) 
1  Salix 22 
Rosaceae 20 
Cruciferae 17 
Trifolium pratense 14 
Trifolium repens, Melilotus 
officinalis 7 
Galega officinalis 6 
Acer 4 
Phacelia 3 
Umbelliferae, Betulaceae, Frangula 
alnus, Taraxacum officinale, 
Aesculus hippocastanum 
2  Frangula alnus 42 
Rosaceae 33 
Trifolium repens, 
Melilotus  officinalis 21 
 Trifolium pratense, Cruciferae, 
Salix, Aesculus hippocastanum 
 
3 Cruciferae 60 Rosaceae 17 
 
Salix  9 
Trifolium repens, Melilotus  
officinalis 5 
Galega officinalis, Filipendula, 
Centaurea cyanus, Echium vulgare, 
Betulaceae  
4 Cruciferae 51 Salix  27 
 
Rosaceae 7 
Trifolium repens, Melilotus 
officinalis 5 
Acer 4 
Umbelliferae, Taraxacum officinale, 
Aesculus hippocastanum, Trifolium 
pratense, Echium vulgare 
5  Cruciferae 29 
Trifolium repens, 
Melilotus  officinalis 27 
Rosaceae 23 
Galega officinalis 17 
 Salix, Taraxacum officinale,  
Trifolium pratense, Acer, Frangula 
alnus, Umbelliferae 
 
6 Cruciferae 77  Trifolium repens, Melilotus 
officinalis 10 
Trifolium pratense 5 
Galega officinalis 5 
Rosaceae, Umbelliferae, Salix, 
Filipendula   
 
7  Cruciferae 43 
Salix 34 
 
Rosaceae 14 
Trifolium repens, Melilotus 
officinalis 4 
 
Acer, Trifolium pratense, Galega 
officinalis, Umbelliferae, 
Taraxacum officinale, Aesculus 
hippocastanum, Centaurea cyanus, 
Betulaceae 
8  Rosaceae 36 
Trifolium repens, 
Melilotus  officinalis 18 
Salix 15 
Aesculus hippocastanum 14 
Acer 3 
 
Cruciferae, Umbelliferae, Echium 
vulgare, Taraxacum officinale, 
Betulaceae, Filipendula  
9  Rosaceae 32 
Cruciferae 23 
Frangula alnus 22 
Salix  5 
Galega officinalis 5 
Taraxacum officinale 3 
Trifolium repens, Melilotus 
officinalis Filipendula, Betulaceae, 
Trifolium pratense, Aesculus 
hippocastanum  
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Sample Predominant 
pollen (>45%) 
Secondary pollen (16-
45%) 
Important minor pollen (3-
15%) 
Minor pollen (<3%) 
10  Trifolium repens, 
Melilotus  officinalis 27 
Salix 24 
Rosaceae 17 
Cruciferae 16 
Acer 3 Phacelia,Filipendula, Betulaceae, 
Umbelliferae, Trifolium pratense, 
Taraxacum officinale  
11 Rosaceae 79 
 
 Cruciferae 11 
Salix 5 
Trifolium repens, Melilotus 
officinalis 4 
 
 
Betulaceae, Umbelliferae, Acer 
12  Rosaceae 40 
Cruciferae 37 
Trifolium repens, Melilotus 
officinalis 15 
Trifolium pratense 3 
Galega officinalis 3 
 
13 Cruciferae 50 Rosaceae 17 
 
Trifolium repens, Melilotus 
officinalis 10 
Salix  7 
Trifolium pratense 5 
Acer 3 
Galega officinalis, Filipendula, 
Betulaceae, Umbelliferae  
14 Cruciferae 76  Rosaceae 8 
Salix 6 
 
Trifolium repens, Melilotus 
officinalis 
Frangula alnus, Acer, Trifolium 
pratense,  Umbelliferae 
  
Free acidity, which is indicative of fermentation of sugars into organic acidic [18], values ranged 
between 14 to 25 mmol/kg which also meets the standards of European Legislation as being under 50 
mmol/kg [4]. 
 
Table 2. Physicochemical parameters of honey samples 
Sample Moisture 
(%) 
pH Free acidity 
(mmol/kg) 
Electrical conductivity 
(mS/cm) 
Diastase 
(DN) 
HMF 
(mg/kg) 
1 17.8 3.48 22 0.2 23 <1 
2 16.8 5.12 17 0.4 28 <1 
3 17.5 3.52 23 0.2 19.4 3.8 
4 17.9 3.72 23 0.3 21.3 1.9 
5 17 3.75 22 0.2 21.9 <1 
6 17.3 3.51 20 0.1 20.7 <1 
7 17.1 3.68 21 0.2 16.2 <1 
8 16.1 3.69 22 0.2 25.1 <1 
9 17.3 4.52 14 0.4 17.6 <1 
10 18.9 3.8 25 0.3 29.1 1.9 
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Sample Moisture 
(%) 
pH Free acidity 
(mmol/kg) 
Electrical conductivity 
(mS/cm) 
Diastase 
(DN) 
HMF 
(mg/kg) 
11 18.3 3.55 20 0.1 25.8 <1 
12 16.1 3.53 16 0.1 22.5 1.9 
13 16.1 3.59 19 0.1 26 <1 
14 17.4 3.56 21 0.1 26.9 1.9 
       
Mean 17.3 3.8 20.4 0.2 23.1  
SD 0.83 0.46 3.00 0.11 3.89  
Range 16.1-18.9 3.48-5.12 14-25 0.11-0.4 16.2-29.1 max. 3.8 
SD- standard deviation 
 
As glucose and fructose are the main sugars in honey, normally fructose predominates slightly, but 
there are exceptional honeys with more glucose than fructose- rape and dandelion for example [19]. The 
predominant sugar in all analyzed honey samples (Table 3) was fructose with the mean value of 35.91 
g/100g. Glucose values were lower having the mean value of 35.00 g/100g.  
 
Table 3. Sugar content of analyzed honeys (g/100g) and fructose/glucose ratio. 
Sample Fructose Glucose Disaccharides F/G 
1 35.31 34.19 5.30 1.03 
2 33.61 28.84 10.83 1.17 
3 36.30 37.18 4.37 0.98 
4 35.10 35.00 5.92 1.00 
5 37.16 34.97 5.73 1.06 
6 35.78 40.32 1.89 0.89 
7 35.46 36.96 4.97 0.96 
8 35.27 30.83 9.90 1.14 
9 33.08 30.22 10.58 1.09 
10 35.88 33.40 6.07 1.07 
11 38.29 36.16 3.51 1.06 
12 38.02 35.42 6.26 1.07 
13 36.78 38.64 4.20 0.95 
14 36.64 37.86 4.42 0.97 
     
Mean 35.91 35.00 6.00 1.03 
SD 1.47 3.30 2.67 0.08 
Range 33.08-38.29 28.84-40.32 1.89-10.83 0.89-1.17 
F/G- fructose/glucose ratio 
SD- standard deviation 
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The investigated honeys that had the highest concentrations of glucose had the most Cruciferae (rape) 
pollen spectrum (Table 1). The sum value of glucose and fructose was found to meet European 
Legislation [4] where the value being over 60g/100g for all honey samples. 
The fructose/glucose ratio  was calculated for all honey samples and it showed values between 0.89 to 
1.17 indicating to their origin of floral sources as flower honeys show a fructose/glucose ratio of about 1 
and honeydew honeys of about 1.5-2.0 [20]. 
 
3.3.Determination of mineral elements 
The mineral components determined in honey samples are presented in Table 4. Minerals like sodium 
(Na), potassium (K), magnesium (Mg), calcium (Ca) were identified.  
 
Table 4. Mineral content of analyzed honeys (mg/kg) 
Sample Na K Mg Ca 
1 8.11 257.64 14.95 42.86 
2 19.44 1235.58 23.46 39.8 
3 13.18 459.87 24.87 50.4 
4 6.85 578.88 21.34 63.65 
5 11.7 569.73 25.49 55.73 
6 13.82 126.37 14.65 46.27 
7 9.04 517.93 25.23 53.02 
8 13.35 485.75 5.53 39.42 
9 8.17 1381.53 16.5 20.37 
10 10.79 862.22 24.28 56.63 
11 9.65 237.14 17.73 36.54 
12 4.77 125.79 12.05 29.2 
13 5.67 262.9 17.24 49.98 
14 6.64 253.8 18.53 40.17 
     
Mean 10.08 525.37 18.70 44.57 
SD 3.96 390.06 5.84 11.53 
Range 4.77-19.44 125.79-1381.53 5.53-25.49 20.37-63.65 
SD-standard deviation 
 
Potassium was quantitatively the most important mineral that in our study ranged from 125.79 to 
1381.53 mg/kg. This is also reported by Crane [20] and Rybak-Chmielewska [1].  
The honeys that consisted of the highest percentage of alder buckthorn (Frangula alnus) pollen (honey 
samples 2, 9) (Table 1) had the highest potassium content. It is also mentioned by Bogdanov [21] that the 
mineral content in honey depends mainly on the botanical origin of honey. Sodium and magnesium had 
the lowest average values of 10.8 mg/kg and 18.70 mg/kg, respectively. Calcium content ranged between 
20.37 to 63.65 mg/kg. 
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4. Conclusion 
Honeys from Estonia can be considered as a good level of quality as all honey samples were found to 
meet the European Legislation (EC Directive 2001/110) for all parameters.  
The melissopalynological analyses showed that that the most dominating pollens in summer honey 
samples were cruciferous (Cruciferae), rosacean (Rosaceae), white and sweet clover (Trifolium repens, 
Melilotus officinalis) and willow (Salix). Within the mineral content, potassium was quantitatively the 
most important mineral. 
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